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SUMMARY

In the course oj a shortj?ight program initialed to check the
theory of Qarrick and Watkins (NACA Rep. 1198), a sin-es
of measurementsat three stdom were made of the oscillating
pregmuwsnear a tapered-bladeplan-jot-m propeller and a rec-
tungular-blade plan-form propeller at -flight Mach numbers
up to 0.72. Tlwe measurementswere made at a single radial
station and at three axial po.dions (ahead of, in the plane of,
and behind the propeller di~k). De@te the limited scope oj
the tam, agreement with the theoy was obtained to the.eztent
that:

(a) The oscillating pressures near the propeUer tend to de-
crease with increase in $ight Mach number up to a Mach
wumber oj appr~imately 0.6 and to increase rather rapidJy
at higher Mach numbers.

(b) The 8ound-pressurelevels of h higher harmonim oj the
propeller nm”seincrease at a higher rate with increase in $ight
Mach number than the lower propeller hamn.onim.

In contradictionto the re.wh%jound jor the propeller studied
in NACA Rep. 1198, the osm”llali~pressw-ec in tb plane and
ahead of the propeller were found to be higher tin those im-
mediately behind the propeller. Factors such as vatition in
torgue and thrwstdistributwn, since the blades of the present
invedigation were operati~ above their design-forward speed,
may accountjor this contradiction.

The effect of blade plun jorrq hws that a tapered-blade
plan-form propeller will prodme lower 6ouncLpremurelevels
than a rectangular-bladeplm-form propellerfor the low blade-
passage harmonics (the frequencies where structural cOwi&r-
ations are important) and prodwcehigher sound-prawure levels
for the higher blade-pusage harmonics (frequencies where
passenger comfort is important).

INTRODUCTION

The effects of the near-field noise generated by propellers
in flight are of continuously increasing concern to the avi-
ation industry. With regard to &. transportation, the
osoilkkng pressures in the form of noise directly affect pas-
senger comfort rInd the field of public relations. For the
~irplane structural engineer, these oscillating pressures are
creating serious fatigue problems. The severity of the
problems increases with the continual trend toward higher

powers and higher flight speeds. Detailed knowledge of
the pressure fields about propellers is necessary for d-~ign
and also, it is hoped, will eventdly indicate a means of
reducing the oscillating pressures.

In the field of propeller-generated pressures, both the
- theoretical and experimental backgrounds are rather IXY-
tensive. The Gutin theory (ref. 1) for the far-field pres-
sures is well known. This theory has been extended in
reference 2 to predict the pressures in the near field. Both
references 1 and 2 deal strictly with stationwy propellers
but the results of i.rme@@ions under static conditions have
been applied with some success, as in reference 3, to low
flight speeds. In referenee 4, Garrick and Watkins have
further extended Gutin’s theory to take into account the
effect of forward speed. This extended theory includes the
stationary propeller and the far-field simpliiioationsas special
cases.

The purpose of the ilight tests reported herein was to
obtain in-flight measurements of propeller noise with which
to check, if possible, the theory of reference 4 and to investig-
ate parameters affecting propeller noise such as propeller-
blade plan form, power, and tip speeds at a tinge of forward
speeds up to the maximum permissibleMach number of 0.72. ”
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SYMBOLS

blade widt~ ft
section design lift coefficient
propeller diameter, ft
blade thickness, ft
flight Mach number
rotational tip Mach number
helical tip Mach number, ~/M.s+MEt
engine speed, rpm
power absorbed by propeller, hp
root mean square of oscillating pressure, lb/sq ft or

decibels, as indicated
static pressure, lb/sq ft
propeller tip radius, ft
radius to a blade elemant, ft
tbmst of propeller, lb
free-air temperature, “F
airspeed, ft/sec

f Supnmdw NACA Te&mknlNote 3417by Arthur VT.Vc-geleynnd hlax C. Kurbjnn, 19EJ,and IiA OA T@mlcal Note 403Sby Mu O. Karbj~ 19S7.
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z longitudinal position of microphone, measured positive
forward of propeller di$k, ft

Ii radial position of microphone, measured from pro-
peller center, ft

@ section blade angle, deg

TEST EQUIPMENT

The airplane available for this investigation was a single-
place fighter type equipped with a liquid-cooled irdineengine.
The engine -wasequipped with individual jet-ejector exhaust
stacks.

Two types of propellers, differing principally in blade
plan forms, were used in this investigation. .The difference
in the propeller-blade shapes is shown in the photographs
of the two propellers mounted on the airplane (fig.. 1).
Figure 1 (a) shows the tapered blade and figure 1 (b), the
rectangular bktde. The chafacterktics of the two blade
desi=w are shown in fib-es 2 (a) and 2 [b), respectively.
Both propellers had a diameter of 11 feet 2 inches and were
driven through a reduction gear providing a ratio of engine
speed to propeller speed of 0.47!3.

The oscillating pressure pickup used was a commercial
condenser-type microphone modified to operate under the
rapidly varying static pressures encountered in the tests.
A fkequency-modulation system vm.s used to transmit the
pressuresignals to a ground-located station where the signals
were recorded with a magnetic-tape recorder. A complete
description of the pickup, transmitter, receiver, and analyzer
equipment ia centained in reference 5.

The microphone -wasinstalled in a boom mounted in the
center gunport of the right wing. This location placed the
microphone at a radial distance of 7.31 feet horn the pro-
peller 8.xis. The boom- was constructed in such a manner
that the microphone could be shifted forward and backward
through a distance of approximately 4 feet before each flight.
Figures 1 (a), 1 (b), and 3 show the microphone-boom instal-
lation.

Before the start of the flight-test program, the boom was
tested in a wind tunnel to check for background noise over
the anticipated flight speed range. It was found that the
self-generated overall noise level of the microphone in the
band width SO to 1,000 cps was below 113 decibels. This
level of self-generated random noise is considered acceptable
in the measurement of sound-pressme levels as low as 100

decibels for discrete frequencies. The response of the system
used was flat within &1 decibel between 80 to 1,000 cps.

Standard NACA recording instruments were used to
record’ dynamic pressure, altitude, free-air teniperature,
engine speed, and manifold pressure.

TEST PROCEDURE

All static ground tests and flight tests were made with
themicrophone located at a fied radial distance of Y= O.655D.
Tests were made at three values of longitudinal distance
z= —0.125D, O, and 0.125D. Flight tests were arranged
to investigate the effects of flight Mach number, engine
speed, and enetie power on propeller noise, as follows:

(1) Flight Mach number: At engine speeds of approxi-
mately 2,700 rpm with the mm.fold pressure adjusted to
produce a power output of approximately 1,000 horsepower,
flight tests were made on both propellers at flight Mach

,— . . . . . . -—. — -—. - —.—— ... . ..—. ..— —..—. — .-
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(a) Tapered-blade plan form.
(b) Reotangalar-blade plan form. ,

FxGurm I.—Front view of the microphone installation showing tho
propeIler-bIade shape.

numbers from approximately 0.2 to 0.7 by varying the flight
~ttitude. Static ground teats were also made at the same
power and engine speed setting.

(2) Engine speed (rotational Mach number): At a flight
Mach number of approximately 0.6 and engine output of
&pproximately 1,000 horsepower, tests were made with the
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(o) Tapered-blade plan form.
(b) Reotanguk-blade plan form.

FIQUED 2.—ClmraoterMics of the propeller blades teAed.

tapered-blade propeller at engine speeds of approximately
2,500, 2,600, 2,700, 2,800, 2,900, and 3,000 rpm.

(3) Engine power: At a flight Mach number of approxi-
mately 0.6 and engine speeds at approximately 2,700 rpm,
tests were made with the tapered-blade propeller at engine
powem of approximately O,500, 1,000, and 1,500 horsepower.

RESULTS AND DISCUSSION

Because it was necessary to make separate flights for each
propeller and for each boom setting, it was impossible to
repeat the test conditions exactly. AU test conditions are

given in tables I and II for the tapered and rectangular
blades, respectively. In the discussion to follow, the
small differences in test conditions are disregarded, and the
data are compared and examined in only a general manner.

The effects of propeller-blade plan form are shown in
n series of figures comparing the noise emitted from the two
propellers tested with changes in operating parameters of
flight Mach number, engine speed (rotational Mach number),
and power. Correlation of theory with measwred results
follows the discussionsof changes in the opexating parameters.
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FIGURE 3.—Three microphone locations used on the test airplane
during the Investigation. II= 0.655D for all positions.
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EPFECTS OF FLIGHT MACH NUMBER

The effects of flight Mach number at the three axial micro-
phone locations are shown in iignre 4. A trend is shown for
the lower blade-passage harmonics of both blade designs to
decrease slowly in sound-pressure level as the flight Mach
number increases to approximately 0.5 and to increase
rapidly with further increase in ilight Mach number. For
the lower blade-passage harmonics the tapered blade shows
wlower sound-pressure level than the rectangular blade.

The higher harmonics show a slight increase in sound-
pressure level for both blade designs up to Ill.= 0.5 with
rapid increases for higher fight Mach numbers. Above
Mw=0.5 the tapered-blade design shows a more rapid in-
crease in sound-pressure level with Mach number than the
rectangular-blade design. This trend, which is more pro-
nounced for the higher harmonics, produces higher sound-
pressure levels in the higher harmonic range for the tapered-
blade design than for the rectangular-blade design.

EFFECT%OF ENGINE SPEED (ROTAmONAL MACH NUMBER)

The effects of changing the engine speed (rotational Mach
number) on the sound-pressure levels at a constant forward
Mach number and power are shown in figures 5 and 6 for the
tapered- and rectanguhwblade designs, respectively. The
results for both blade designs show small increases in the
oscillating pressures with rotational Mach number for the
tit harmonic, but the increase for the higher harmonics
becomes increasingly greater.

%_.
y
-s!

[n
&

;

140
! =Q125L7

, I

‘e
b — +.--L l.=-

Hi- ———– F “ -+ % ‘%HI

-—-
Ioq I I I I I I I I I I I I I I I

J
I

23 .4 .5 6 7 B
Flight Mach number, Mm
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Figures 7 (a) and 7 (b) show that the effects of flight Mach
number are similar to those of rotational Mach number.
Data for @we 7 (a) were obtained at a flight Mach number
of approximately 0.5 and an engine speed of 2,900 rpm.
Data for @ure 7 (b) were obtained at a flight Mach number
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Fmmw 7.—Variation of sound-pressure levels with axial microphone
location. Blade-passsge harmonics are connected with dashed IirE+
for ident~tication purposes only.

of approximately 0.6 and an engine speed of 2,700 rpm.
The resultant tip Mach number for both conditions is ap-
proximately 0.95. The similarity of the two figures shows
that in the range of the two conditions the effects of increase
in flight h~ach number are the same as increases in rotational
speeds.

EFFECMOF ENOINE PO-

The effects of engine power delivered to the tapered-
blade propeller on the noise emitted horn the propeller are
shown in figure S for the three axial microphone locations.
Data of this type were not obtained for the rectanguhw-
blade propeller. The relatiwily small change in noise level
with large changes in power displayed by the tapered-
blade propeller seems to indicate that the propeller is also
producing thickness noise of at least the same order of
magnitude as the loading noise.

The power delivered to the propeller is seen to alfect the
noise emitted by the order of 6 decibels. This order of
magnitude is far less than would be expected from consider-
ation of only the blade-loading noise as was done in reference

cOMMITTED FOR AERONAUTICS

I
IOcjo ~ I I I

so 100 m 400 600 ~ 1000
Freqwncy, w

FIGURE 8.—Variation of sound-prw+nme levels with engfne powor for
the tapered-blade propeller. B1adc+pasmge harmonios me oon-
neuted with dashed lines for identilioation purposw only. flfm - 0.6;
~ =2,701J,rpm; gI=O.655D.

d. However, calculations of thickness noise made in rofw-
ence 6 show-that the magnitude of the thickness noise, for
the rectangular-blade propeller operating under the same
flight conditions shown for figure 8, is within 6 decibels of the
blade-loading noise.

It should be noted that the propellers used in the present
investigation are designed for a &ght Mach number of 0,6.
At speeds above the design condition the outer portions of the
blades tend to unload. Also, for a given horsepower input,
the average thrust necwaxily drops in proportion to the
forwaxd-speed increase. The combination of these two
factors and the near location of the microphone to the tip
would cause the results found in the present investigation to
overemphasize the thickness noise in comparison with the
loading noise at the higher speed conditions. This may be,
in part, the reason that the results of the present investiga-
tion do not completely substantiate the theory of reference 4,
as will be discussed subsequently.

CORRELAmON WITH THEORY

Due to the nature and limitationsof the present investi-

gation, it was not possible to obtain a complete check of
the theory of reference 4 for the effects of forward speed
on the sound-pressure field around propellers. The results
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obtained allow a few broad generalizations to be made.
which are as follows:

(1) In agreement with the theoretical results of reference 4,
the results of the present investigation, as shown in figure 4,
show rm initial gradual decrease in the oscillating pressures
with a more rapid increase at flight lMachnumbers above 0.5.
This was also shown in the results of reference 7, which
utilizes the theory of referen”ie 4. When account is taken
of the diilerences between the flight-test configuration and
the contlgumtion emm.ined theoretically in references 4 and
7, the pressurelevels and changes in level with Mach number
are also in rather satisfactory agreement.

(2) In rgreement with the theory of reference 4, the test
results show that the level of the higher harmonics of the
propeller noise increases at a higher rate than that of the
lower harmonica with increase in flight Mach number. This
trend is shown in figure 5 of reference 8. The calculations
of reference 8 utilize the theory of reference 4.

(3) For the propeller studied in reference 4, the oscillating
pressures in the plane of the propeller disk and ahead of the
disk were “found to be lower than those immediately behind
the disk. This theoretical result is contrary to the results
found in the present tests, as is shown in figures 5 to 8.
This contradiction does not, however, invalidate the theory.
Rather it indicates that other effects such as variation in
torque and thrust distribution should be investigated. As
noted in the previous section, the outer portion of the blades
wws operating under unloaded condition for forward Mach
numbers above 0.5.

CONCLUSIONS

As part of a brief flight program initiated to check the
theory of Garrick and Watkins @TACA Rep. 1198), a brief.
set of measurements were made of the oscillating pressures

in the vicinity of a blade of tapered plan form and a blade
of rectangular plan form at flight Mach numbers up to 0.72.
Measurements were made at a single radial station and at
positions ahead of, in the plane of, and behind the propeller
disk. The scope of the tests was found to be insuilicient to
obtain complete verification of the theory for the effect of
forward speed on the sound-pressure field around propellers,
but it was possible to substantiate the following two phe-
nomena:

(a) The oscillating pressures near the tips of a propeller
tend to decrease slowly with increase in flight Mach mpnber
up to a Mach number of approximately 0.5 and then to
increase rather rapidly at higher Mach numbers.

(b) The sound-pressure levels of the higher harmonics of
the propellar noise increase at a higher rate with increase in
flight Mach number than do the lower propeller harmonics.

In contradiction to the results found for the propeller
studied in NTACARep. 1198, the oscillating pressures in the
plane of and ahead of the propellers of the present investiga-
tion were found to be higher than those immediately behind
the propeller. Factors such as variations in torque and
thrust distributions, since the blades in the present investi-
gation were operating above their design forward speed, may
account for this contradiction.

The effect of blade plan form shows that a tapered-blade
plan-form propeller will produce lower sound-pressure levels
than a rectangular-blade plan-form propeller for the low
blade-passage harmonics (the frequencies where structural
considerations are important) and will produce higher sound-
pres-sure levels for the higher blade-passage harmonics
(frequencies where passenger comfort is important).

LANGLEY AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COWWCEE FOR AERONAUTICS,

LANGLEY FIELD, VA., July 1, 1968.
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